Patients with schizophrenia are considered to have many risk factors for the development of cancer. However, the incidence of breast cancer in women with schizophrenia compared with the general population remains uncertain.
T he status of physical health in patients with schizophrenia has become an important topic in health care management research. 1 Because patients with schizophrenia may be prone to have an unhealthy lifestyle, they are vulnerable to many chronic diseases, such as metabolic disorders, 2,3 diabetes, 4,5 and cardiovascular diseases. 6, 7 However, the risk of cancer in patients with schizophrenia remains uncertain. 8 Although the health of patients with schizophrenia is complicated by many risk factors for the development of cancer, including smoking, 9,10 alcohol and substance abuse, 11 obesity, 12,13 and lack of exercise, 14,15 epidemiologic studies have shown inconsistent results. In a previous meta-analysis of cohort studies, 16 the overall risk of cancer was not statistically significantly increased in patients with schizophrenia compared with the general population without schizophrenia. The results of subsequent analyses have shown that the association between schizophrenia and cancer risk may not be explained only by the risk factors related to an unhealthy lifestyle; many other factors, including genetic mechanisms, may be involved in the interactions between schizophrenia and cancer pathogenesis. 17 Because schizophrenia has been associated with lowered risks of many types of cancer, including colorectal cancer, malignant melanoma, and prostate cancer, 16 it has been hypothesized that the genetic factors involved in the pathogenesis of schizophrenia may be protective against cancer. [18] [19] [20] However, the association between schizophrenia and breast cancer remains uncertain. The results of subgroup analyses from a previous meta-analysis have shown an association between schizophrenia and an increased risk of breast cancer compared with the general female population. 16 A subsequent systematic review challenged these results by including more recent studies, but the results were mixed. 21 Many published cohort studies were not included in the previous meta-analysis, [22] [23] [24] [25] [26] and the results of some previously included cohort studies have been updated. [27] [28] [29] Another meta-analysis 30 used a conventional method that evaluates the heterogeneity among studies with the I 2 statistic and combines the results with the random-effects model. However, this method was challenged by recent findings that I 2 may not be an appropriate index of heterogeneity, and instead, a prediction interval (PI) that describes the heterogeneity in a randomeffects meta-analysis should be reported to quantify the heterogeneity. 31 Therefore, we thought it important to perform an updated meta-analysis regarding the association between schizophrenia and the risk of breast cancer with the reporting of the PI. The results of this study may lead to better prevention and early treatment of breast cancer in women with schizophrenia.
Methods
This systematic review and meta-analysis was designed and performed in accordance with the Meta-analysis of Observational Studies in Epidemiology 32 and the Cochrane Handbook for Systematic Reviews of Interventions guidelines. 33 The study was approved by Tianjin Medical University.
Literature Search
We systematically searched the PubMed and EMBASE databases with the terms schizophrenia, schizophrenic, and psychosis, combined with breast and cancer, tumor, neoplasm,orcarcinoma. The search was limited to studies in humans that were published in English. We also manually screened the reference lists of original and review articles. The final literature search was performed on August 15, 2017.
Inclusion and Exclusion Criteria
Studies that fulfilled the following criteria were included: (1) published as full-length articles in English, (2) designed as cohort studies (prospective or retrospective, regardless of the sample size and follow-up duration), (3) included adult women (age ≥18 years), (4) schizophrenia identified as exposure at baseline, (5) the general population without a diagnosis of schizophrenia was used as a control, (6) documented incidence of breast cancer on follow-up, and (7) reported the adjusted standardized incidence ratios (SIRs), at least adjusted for age, and their corresponding 95% CIs for breast cancer incidence in women with schizophrenia compared with controls. The diagnosis of schizophrenia and the confirmation of breast cancer cases were consistent with the criteria applied in the original articles. If studies with overlapping participants were encountered, the reports with the larger sample size were included in the present meta-analysis. Abstracts, letters to the editor, reviews, and investigations with designs other than a cohort study were excluded from the present analysis. Studies reporting breast cancer-related mortality rather than incidence were also excluded because the mortality outcome may be affected by many factors other than breast cancer incidence, such as comorbidities and treatments.
Data Extraction and Quality Evaluation
We performed the literature search, data extraction, and quality assessment independently, according to the predefined inclusion criteria. Discrepancies were resolved by consensus. The following data regarding the characteristics of the studies were extracted: name of first author, year of publication, country where the study was conducted, sample size, source of the
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Question Are women with schizophrenia at a higher risk for breast cancer?
Findings In this meta-analysis of 12 cohort studies that included 125 760 women and in which conventional methods of meta-analysis had been used, schizophrenia in women was associated with an increased breast cancer incidence compared with the general population. However, substantial between-study variance is present that is reflected by the wide prediction interval.
Meaning The results suggest that the incidence of breast cancer in women with schizophrenia is higher than that of the general female population; however, significant heterogeneity exists among the included studies, and it is possible that a future study will show a decreased breast cancer risk in women with schizophrenia compared with the general population.
study population, years of follow-up, number of breast cancer cases, strategies for confirmation of breast cancer cases, and whether cancer incidence before the diagnosis of schizophrenia was excluded. The Newcastle-Ottawa Scale 34 was used to evaluate the quality of the included studies. This scale ranges from 1 (lowest quality) to 9 (highest quality) stars and judges each study regarding the aspects of study group selection, comparability of the groups, and ascertainment of the outcome of interest. 
Statistical Analysis

Results
Literature Search Results
The literature searching process and study identification are summarized in Figure 1 . In brief, 832 records were identified after initial database searching and exclusion of the duplicate records. Further screening of titles and abstracts excluded 801 records, mainly because they were irrelevant to the aim of the study. For the 31 records that underwent full-text review, 20 were excluded because 2 of them included patients with mental diseases other than schizophrenia, 7 were reports of already included cohorts, 3 did not report the incidence of breast cancer, 6 only reported data regarding breast cancer mortality, and the other 2 did not provide outcome data as SIRs.
Study Characteristics and Quality Evaluation
Overall, 11 database-derived retrospective cohort studies 
Schizophrenia and the Incidence of Breast Cancer
The meta-analysis results of the 12 cohorts showed that schizophrenia was associated with a significantly increased risk of breast cancer incidence in women (SIR, 1.31; 95% CI, 1.14-1.50; P < .001) ( Figure 2) , with significant heterogeneity (P < .001; I 2 = 89%). The existence of substantial betweenstudy variance is reflected by the wide PI (0.81-2.10). Accordingly, it is possible that a future study will show a decreased breast cancer risk in women with schizophrenia compared with the general population. The findings of sensitivity by omitting 1 study at a time did not significantly change the results, with the SIR varying between 1.29 and 1.38 (all P < .01).
Results of Subgroup Analyses
The results of subgroup analyses showed that the association between schizophrenia and an increased breast cancer incidence was significant in studies in which breast cancer occurred before the diagnosis of schizophrenia were excluded (SIR, 1.34; 95% CI, 1.20-1.51; P < .001; I 2 =84 %)( Figure 3 ) and in studies with more than 100 breast cancer cases (SIR, 1.31; 95% CI, 1.18-1.46; P < .001; I 2 =84 %) (Figure 4 ), but the association between schizophrenia and breast cancer incidence was not significant in studies that did not specify the exclusion of breast cancer cases that occurred before the diagnosis of schizophrenia (SIR, 1.38; 95% CI, 0.89-2.14; P = .15; I 2 = 91%) (Figure 3) or in studies with fewer than 100 breast cancer cases (SIR, 1.50; 95% CI, 0.78-2.87; P = .23; I 2 = 93%) (Figure 4) . However, the differences between subgroups were not statistically significant (P = .90 and P = .70 for subgroup interaction).
Publication Bias
The funnel plot for the association between schizophrenia and breast cancer incidence was symmetric on visual inspection (eFigure 1 in the Supplement). The Egger regression test also did not indicate a potential publication bias (P =. 64).
Discussion
In this study, by pooling the results of all available cohort studies with the conventional method of meta-analysis, we found Subgroup analysis results showed that the association between schizophrenia and increased risk of breast cancer incidence in women was not significantly affected by whether breast cancer cases were excluded at baseline. IV indicates inverse variance; SIR, standardized incidence ratio. Pooled results of 12 cohorts indicated that schizophrenia was associated with a significantly increased risk of breast cancer incidence in women. IV indicates inverse variance; SIR, standardized incidence ratio.
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that women with schizophrenia are at a higher risk for the incidence of breast cancer compared with the general population. These results were not significantly affected by whether only breast cancer cases after the diagnosis of schizophrenia were considered or the sample size of the studies. However, substantial between-study variance is present, which is reflected by the wide PI (0.81-2.10). Accordingly, it is possible that a future study will show a decreased breast cancer risk in women with schizophrenia compared with the general population. Because breast cancer is the most common cancer in women, affecting 1 in 9 women during their lifetime, 42 our findings highlight that intensive prevention and treatment against breast cancer are warranted for women with schizophrenia. The results of this study have important clinical implications. First, we found that schizophrenia in women was associated with an increased breast cancer incidence compared with the general population, which is contrary to the previous hypothesis that schizophrenia may be protective against cancer. These results, together with our recent meta-analysis results showing no association with lung cancer risk but a reduced hepatic cancer risk in schizophrenia (data available on request), indicated that the association between schizophrenia and cancer risk may be complicated and depend on the cancer site. Second, because the current status of breast cancer prevention and treatment options are less optimal in women with schizophrenia, 43 our results highlight that women with schizophrenia deserve focused care for breast cancer screening and treatment. These gaps were also reflected by the results of a recent study showing that patients with schizophrenia are at a significantly increased risk of cancer mortality compared with the general population or individuals without schizophrenia, 44 although the incidence of cancer in these patients may not necessarily differ from that of the general population. For the early prevention of breast cancer, an initial evaluation is needed to stratify the risk of breast cancer in women with schizophrenia. Subsequently, antipsychotics that may increase the prolactin level and produce a higher breast cancer risk should be avoided in high-risk women. Regular screening, including imaging or biomarker tests, should be performed. If an early diagnosis of breast cancer is made in women with schizophrenia, collaborations with oncologists are needed for clinical psychiatrists to make an optimal treatment recommendation. In addition, every effort should be made to improve the patients' adherence during the prevention, treatment, and follow-up. An important strength of our study is that we calculated the PI to describe the heterogeneity in a random-effects metaanalysis. We found substantial between-study variance, which is reflected by the wide PI (0.81-2.10). Accordingly, it is possible that a future study will show a decreased breast cancer risk in women with schizophrenia compared with the general population. Within the context of significant heterogeneity among the previously published cohort studies focusing on the association between schizophrenia and breast cancer risk, whether performing an epidemiologic study is sufficient to answer the question is of concern. Instead, large database research, such as deep neural network analysis centered on a genetic or other biological association between schizophrenia and breast cancer risk, may be optimal. These studies are warranted.
As for the potential mechanisms underlying the association between an increased breast cancer risk in women with schizophrenia, many factors may be involved (eFigure 2 in the Supplement). First, many clinical conditions that are com- Subgroup analysis results showed that the association between schizophrenia and increased risk of breast cancer incidence in women was not significantly affected by the sample size of the included studies. IV indicates inverse variance; SIR, standardized incidence ratio. However, further experimental studies are needed to determine the exact mechanisms underlying the association between schizophrenia and breast cancer incidence.
Limitations
Our study has some limitations that should be considered when interpreting the results. First, as inherent in other metaanalyses of observational studies, we could not exclude the possibility that some residual factors may confound the association between schizophrenia and breast cancer, such as dietary factors and the use of antipsychotics. As a common shortcoming of meta-analyses of observational studies, the results of this study could not indicate a causative association between schizophrenia and breast cancer in women. In addition, significant heterogeneity remained in our metaanalysis, and the source of the heterogeneity could not be fully analyzed because we did not have access to individual patient data of the included cohorts. Also, we did not include studies found in other databases, not written in English, or published as a conference abstract. We acknowledge this as a limitation. However, including literature reports from PubMed, EMBASE, and the Cochrane Library published only in English should have covered the majority of the cases. Including conference abstracts that did not undergo peer review may potentially cause other bias. Finally, factors such as age at onset of breast cancer, treatment, or cancer subtypes may substantially affect the association between schizophrenia and breast cancer incidence. These factors were generally not reported in the original studies; therefore, they could not be analyzed accordingly in the meta-analysis. Future studies are needed to determine the association between schizophrenia and the different pathologic subtypes of breast cancer as well as whether the association may be affected by the woman's age at breast cancer onset, antipsychotic medications used, and the cancer subtype.
Conclusions
The results of this meta-analysis demonstrated that women with schizophrenia are at a higher risk for the incidence of breast cancer, compared with the general female population, although substantial between-study variance is present. Intensive screening and treatment for breast cancer in women with schizophrenia are clinically important. 
